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A PRELIMINARY INVESTIGATION ON CHEMICAL 
QUALITY OF INLAND W ATERS IN KENY A 
Masumi MORITSUGU 
During my one-year lectureship at Jomo Kenyatta College of Agri-
culture and Technology， 1 had the chance of investigating the chemical 
quality of the inland waters of Kenya. Litt1e may have been known of 
the chemical quality of the natural waters in this area. Therefore， the 
data reported in this paper should serve as a reference for the progress 
of development projects in this developing country as well as for ad-
vanced na tions. 
The quality of water is important not only for public use， e.g.， tap 
or irrigation water， but also as basic data for pollution caused by human 
or industrial wastes. The discovery and the investigation of new and 
good water sources are important for meeting the demands of the 
increasing population， and the analysis of water quality becomes an 
essential task. 
1n the present investigation， pH， electric conductivity， calcium， 
magnesium， sodium， potassium and carbonate of the water at twenty 
sites in Kenya were determined. 
MATERIALS AND METHODS 
Table 1 and Fig. 1 show the distribution of the sampling sites. The 
distribution of the sampling sites is somewhat localized， but fits the 
distribution of the inhabitants. Sample numbers in Table 1 are the 
same as those in Fig. 1. 
Rivers， lakes， spring and tap waters were sampled. The water of 
Lake Victoria， the original source of the Ni1e River， was c1assified as a 
ri ver wa ter. 
1n this country， upstream waters are used considerably， because the 
population in the areas situated at an alti1ude of about 2，000 to 3，000 
meters is generally dense because of their comfortable c1imates. By 
contrast， the lower lands are generally thinly populated because of their 
arid and hot climate. This situation is easi1y understandable from 
Fig. 1， where several smal1 rivers disappear at midstream. Therefore， 
many sampling sites in this investigation were from upstream. 
The waters were sampled between November 1983 and February 
1984. This was the period from the middle of the second rainy season 
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TABLE 1. List of sampling sites 
No. Source of waters 
River waters 
1 Lake Victoria 
2 Narok River 
3 Tana River 
4 Chania River 
5 Ndarugu River 
6 Thiririka River 
7 Athi River (1)・
8 Athi River (2)・
9 Mzima Spring 
9' Tsavo River (1)** 
10 Tsavo River (2) 
Inland Lake wa ters 
1 Lake Baringo 
12 Lake Nakuru 
13 Lake Naivasha 
14 Lake Magadi 
Tap water 
15 Homa bay Hotel*.. 
16 Lake Baringo Club*** 
17 Midland Hotel 
Site of sampling 
at the shore of Homa Bay 
at the crossing point with Masai Mara Road 
at the crossing point with Nyeri Road 
at the bridge near Blue Post Hotel， Thika 
at the crossing point with Thika Road 
at the crossing point with Thika Road 
at Athi River， the crossing point with Mombasa Road 
near Yatta gap， the crossing point with Kitui Road 
in The Tsavo West National Park 
at the aquarium near the Mzima Spring 
at the crossing point with Mombasa Road 
at the center of the lake 
at east shore of the lake 
at the boat stop of Lake Naivasha Hotel 
at the road crossing of eastern sub.lake 
Homa Bay， Nyanza 
Lake Baringo Site， Rift Val1ey 
Nakuru， Rift valley 
18 Nairobi Town at The Norfolk Towers 
19 Jomo Kenyatta College*... Juja， Central 
20 Taita Hills Lodge**・* Taita， Coast 
• The name changes to Galana or Sabaki in the lower stream. 
* This is downstream a few hundred meters from Mzima Spring. 
.*. They are thought to be lake waters. 
•••• They are underground waters. 
(a short rain in Kenya) to the end of the rainy season. Therefore， the 
waters may have somewhat lower salinity than during the dry season. 
At many points， the water could be sampled only once. 
Water of Chania River was sampled twice， once when the water 
flow was normal and once just after a heavy rain when the water flow 
was much increased， to examine the degree of di1ution by the rain. The 
Athi River (1) was additionally sampled after a considerable rain to 
check the high salinity of the first sample. The second sample of the 
tap water of Nairobi was taken when the water was turbid in ]anuary 
1984 to examine the quality of the turbid water. 
Sample waters were taken into a 500・mlpolyethylene bott1e after 
several rinsings with the respective sample water. Then the samples 
were brought back to the laboratory of the ]omo Kenyatta College of 
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FJG. 1. Distribution of sampling sites of Kenyan waters. 
Agriculture and Technology where al the analyses were carried out. 
The pH of the water was measured with a pH meter (Toa， HM-7B) 
whi1e stirring taking enough time (a few minutes) to obtain a stable 
indication. Electric conductivity was measured with an electric con-
ductivity meter (Toa， CM-7B). 
Calcium， magnesium， sodium and potassium were determined with 
an atomic absorption spectrophotometer (Shimadzu， AA-625-01). But， 
the photomultiplier of this spectrophotometer lacked sensitivity at the 
primary analytical lines for potassium (at 766 and 770nm). Therefore， 
the secondary line (404 nm) which was analyzable was used for potas-
sium determination. 
Standards of the above cations for atomic absorption spectrophotom-
etry were prepared by using calcium nitrate， magnesium sulfate， sodium 
chloride and potassium chloride. 
Carbonate was determined by the titration of total alkalinity to pH 
4.8of end point using 1/100 N sulfuric acid and B. C. G.-M. R. mixed 
indicator (American Public Health Association， 1971). 
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RESUL TS AND DISCUSSION 
Table 2 shows the analytical data of pH， electric conductivity， 
calcium， magnesium， sodium， potassium and carbonate in Kenyan waters 
together with the average quality of waters in Japan (Kobayashi， 1960). 
The average value of Kenyan waters was calculated using ten of 
the selected natural waters avai1able for agricultural use， i.e. only the 
data of natural fresh waters， avai1able for irrigation， were chosen for 
the calculation. They were the waters of Lakes Baringo， Naivasha and 
Victoria， and those of Narok， Tana， Chania， Ndarugu， Thiririka， Athi (2) 
and Tsavo (2) Rivers， and termed the natural avai1able waters in Kenya 
hereafter. 
(1) pH 
In general， upstream waters， e.g. Ndarugu， Thiririka， Chania and 
Tana Rivers， had a relatively low pH， whi1e downstream waters， mainly 
in drought areas， e.g. Athi (2) and Tsavo (2) Rivers showed a somewhat 
high pH， and inland lake waters showed a higher pH. The water of 
Narok River had a high pH though the sampling site seems to be 
somewhat upstream. This may be due to the abundant carbonate as 
compared with the other components. 
( 2) Electric Conductivity 
In addition to the two waters of saline lakes， the water of Athi 
River (1) where the water was nearly standing on both days of sam-
pling had a high electrolyte content， but the electrolyte content of the 
second sample taken at this point seemed to be di1uted to about 60 
percent of that of the first sample by the heavy rain before the second 
sampling. 
The wa ters of the inland lakes in addi tion to the downstream 
waters contained a considerable amount of electrolytes. 
In the other waters， the electric conductivity was relatively low， 
especially in upstream waters， e.g.， Tana， Chania， Ndarugu and Thiririka 
Rivers. In the case of Chania River， the electrolyte contained in the 
second water sample was di1uted to about 80 percent of the first one 
by a heavy rain just before the second sampling， with an exception of 
increased sodium content. The water of Tsavo (2) River (downstream) 
was somewhat di1uted as compared with that upstream even though 
the river fl.ows through an arid area. This could have been caused by 
the heavy rain which brought about a rush of the water fl.ow on the 
sampling day， because litt1e water fl.owed on the 11th and 14th of 
August 1983. 
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Electric conductivity and pH of natural waters seems to be somewhat 
correlated， because upstream waters generally had a lower pH and lower 
electric conductivity. 
T ABLE 2. Chemical quality of inland waters in Kenya 
N S ' 1 d t H E.C.Ca Mg Na K CO. o.ampA ngaate pl1 (凶) (ppm) (ppm) (ppm) (ppm) (ppm) 
River waters 
1. Lake Victoria・ 21，Dec. 7.7 220 5.32 3.81 32.9 4.62 97.6 
2. Narok River* 23， Dec. 8.2 188 3.05 1. 07 26.5 11.0 93.9 
3. Tana River* 3， Dec. 7.7 64.8 3.70 3.10 3.57 0.70 35.4 
4. Chania River 20， Dec. 7.6 80.8 3.49 1. 92 3.79 2.50 39.7 
28，Dec. 7.4 62.32.18 1.07 5.692.19 27.5 
Average of No. 4・ 7.5 71. 6 2.84 1. 50 4.74 2. 35 33.6 
5. Ndarugu River* 22， Dec. 6.9 91. 8 3.55 1. 99 7.54 5.82 45.1 
6. Thiririka River* 22， Dec. 7.0 85.1 2.73 1. 58 6.89 6.24 36.6 
7. Athi River (1) 18， Dec. 8.0 1，0∞ 27.9 12.6 172 11.7 268 
19， Feb. - - 15.9 7.90 80.6 9.14 
Average of No.7 8.0 1，0∞ 21.9 10.3 126 10.4 268 
8. Athi River (2戸 18，Dec. 8. 1 328 13.7 6. 13 34.7 8. 50 112 
9. Mzima Spring 1， Jan. 8.1 518 9.86 22.4 57.0 23.3 288 
9'. Tsavo River (1) 1， Jan. 8.0 456 7.63 18.2 47.2 20.5 263 
10. Tsavo River (2)* 30， Dec. 8.2 506 13.4 11. 8 75.7 11.5 205 
ln1and Lake Waters 
1. Lake Baringo・ 12，Dec. 8.9 657 7.51 4.68 134 13.3 343 
12. Lake Nakuru 3， Jan. 10.1 >10，αぬ 5692 212 12309 
13. Lake Naivasha* 3， Jan. 9.0 306 - 6.89 29.9 17.6 171 
14. Lake Magadi 20， Dec. 10.0 >10，0∞ - 1326 113600 
Tap Water 
15. HomaBayHote1 21，Dec. 7.5 126 3.193.16 17.5 3.91 61.6 
16. Lake Baringo C1ub 12， Dec. 7.3 755 9.54 4.80 139 13.7 106 
17. Mid1andHote1 12， Dec. 7.3 279 3.36 1.10 55.710.5 131 
18. Nairobi Town 1， Nov. 8.1 98.4 2.73 1. 19 14.9 1. 33 42.7 
10. Jan. - 121 4.36 2.71 12.9 1. 49 
AverageofNo.18 8.1 106 3.27 1.7014.2 1.38 42.7 
19. Jomo Kenyatta 1， Nov. 8.9 324 2.33 0.52 73.1 2.27 181 
College 4， Jan. 8.7 326 3.77 1. 03 73.0 3. 52 207 
A verage of No. 19 8.8 325 3.05 0.78 73. 1 2.90 194 
20. Taita Hi1s Lodge 31， Dec. 7.6 701 49.2 34.9 51. 0 1. 56 378 
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AverageofKenyan10waters 7.9 252 6.20 4.26 35.6 8.16 117 
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Average of Japanese 225 waters** 8.8 1.9 6.7 1.2 15.2 
* These 10 waters are used for the calcu1ation of the average of natura1 avai1ab1e 
waters in Kenya. 
** ln addition to these data， Japanese average inc1udes 10.9 of SO・， 5.8 of C1， 1.15 of 
NO.， 19.0 of Si02， 0.34 of FeIO. and 71 of tota1 disso1ved solids. 
30 M. Moritsugu 
The average content of diss01ved solids in the natura1 avai1ab1e 
waters in Kenya was estimated to be about 150 ppm， as calcu1ated from 
the average e1ectric conductivity (252附)by the simp1e method of the 
American Public Hea1th Association (1971). The average content of 
diss01ved solids is about twice that in ]apan， and記emsto be somewhat 
higher than it is in Asian countries (Kobayashi et. al.， 1975). 
(3) Calcium 
In many cases， upstream waters contained a small amount of ca1-
cium， e.g. the waters of Narok， Tana， Chania， Ndarugu and Thiririka 
Rivers contained on1y about 3 ppm of calcium， whi1e more than 10 ppm 
was found in waters of Athi (2) and Tsavo (2) Rivers. 
Genera1 Kenyan waters might be c1assified into the 10w group of 
calcium content for other countries (Kobayashi et. al.， 1975); this means 
that the avai1ab1e ca1cium in Kenyan soi1s is generally 10w. It is 
noticeab1e that the calcium content in the water of the Tsavo River (2)， 
downstream， was higher than that upstream， though there was a heavy 
rain at the basin before the sampling as described above. 
( 4) Magnesium 
The average magnesium content of the natura1 avai1able waters in 
Kenya was considerably high (about 4.3 ppm)， because magnesium was 
abundant in the waters of Athi (2) and Tsavo (2) Rivers in addition 
to those of inland lakes which were used in the calculation of the Kenyan 
average. But many river waters contained about 2 ppm of magnesium. 
In fact， the average for the river waters exc1uding the Athi (2) and 
Tsavo (2) Rivers was about 2.2 ppm. This average could be classified 
into the low group of average magnesium content for other countries 
(Kobayashi et. al.， 1975). 
Mzima Spring， a big spring in the Tsavo West National Park and 
a big source of the Tsavo River or the tap water of Mombasa， isgenerally 
said to have originated from the thawed water of the Mt. Ki1imanjaro. 
The water of this spring could be characterized by the abundance of 
magnesium， though it contained a relatively small amount of calcium. 
Of course， the water of Tsavo River showed characteristics similar to 
those of the spring water. 
The abundance of magnesium might be a special character of the 
underground water around the Tsavo West National Park， because the tap 
water of Taita Hills Lodge， taken from the underground water around 
the southern limit of the park， contained a lot of magnesium in addition 
to a considerable amount of calcium. 
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(5) Sodium 
Sodium contents in waters differed widely as compared with the 
other constituents. In general， low sodium contents of waters were 
found upstream， e.g. Chania， Ndarugu and Thiririka Rivers had a sodium 
content of less than 10 ppm， and the lowest sodium content was that 
of Tana River， i.e.， about 3.6 ppm. 
The waters of Lakes Nakuru and Magadi (Magadi means soda in a 
local language) contain a lot of sodium. Lack of data on sodium content 
of water of Lake Magadi was caused by mismatched di1ution because 
this water contained too much sodium. The waters of the other inland 
lakes， e.g. Lakes Naivasha and Baringo， did not contain so much sodium. 
It is interesting that the Lakes Magadi and Nakuru are saline and 
alkaline， whi1e Lakes Naivasha and Baringo are not saline though they 
have no out-fiowing rivers and are al situated in the Rift Valley. The 
salinity of lake waters does not always depend on the rainfall around 
the respective lakes， i.e. the former two lakes are situated in arid and 
semi-humid areas respectively， whi1e the latter two are in semi arid 
areas (Kenya Soi1 Survey， 1982). Therefore， the big difference in the 
salinity of the lake waters may be caused by the difference in geological 
features in each basin. 
It is also interesting that the former sodic lakes have rnany fia-
mingos， whi1e many pelikans are found in the latter fresh lakes and 
Lake Nakuru， except Magadi， a highly saline lake. Therefore， itis 
thought that the fiamingos may be used as an indicator animal for sodic 
waters. That is， when the water has fiamingos， itmay not be suitable 
for agricultural use. 
In this respect， Lake Elementeita should be sodic， because in ad-
dition to white sediments on the lake shore， many fiamingos could be 
seen from Nairobi-Nakuru Road. 
( 6) Potassium 
Kenyan river waters contained considerably large amounts of potas-
sium; the contents were about 5 ppm or more， except for the Tana 
and Chania Rivers. In general， lake waters contain more potassium 
than river waters. The average potassium content of the natural 
avai1able waters in Kenya was about 8.2 ppm as shown in Table 2. At 
present， this may be the highest national average in the world， because 
the highest for Asian countries is only 3 ppm， which is in Burma and 
Pakistan， and the average content for European or American waters 
were not so high (Kobayashi， et. al.， 1975). 
Kenyan waters have a higher rate of potassium in total dissolved 
substances. When the average content of dissolved solids in the natural 
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avai1ab1e waters in Kenya， about 150 ppm， and the average potassium 
content， about 8.2 ppm， are used， the re1ative ratio of potassium to tota1 
disso1ved solids is estimated to be 5.5 percent. This ratio is much 
higher than that of Ma1aysia (3.9 %)， which has the maximum average 
for the Asian countries (Kobayashi et. al.， 1975). 
Of course， the high potassium content in natura1 waters means an 
abundance of avai1ab1e potassium in Kenyan soils. This is confirmed by 
the fact tha t potassium ferti1izers are not common1y used in Kenyan 
agricu1ture because the efficiency of potassium ferti1izers is 10w. But， 
it may be possibi1e to assume that some soi1s in the Muranga district 
contain a 10w avai1ab1e potassium， because of the 10w content of potas-
sium in the river waters of Tana (0.70 ppm) and Chania (2.35 ppm). 
( 7) Carbonate 
The waters of Lakes Magadi and Nakuru may contain some hydroxy1 
ions because of their higher pH， but the concentration of the hydroxy1 
ion was not examined. 
Contents of carbonate in natura1 waters in Kenya were from about 
34 ppm in the Chania River to 343 ppm of Lake Baringo. 
1n genera1， Kenyan waters contain an abundance of carbonate as 
compared with the Asian countries (Kobayashi et. al.， 1975). The abun-
dant carbonate may be re1ated to the general1y higher pH of water 
under arid conditions， and because Kenya is free of industria1 poI1ution 
and has no acid springs. 
( 8) Miscellaneous 
1n genera1， natura1 Kenyan waters contained a 10t of suspended 
solids， i.e. they were muddy， with the exception of waters of Mzima 
Spring and Lake Victoria and a half of the in1and 1akes， Naivasha and 
Magadi. The water of Lake Baringo was turbid and light brown even 
though it was collected at the centra1 part of the 1ake， and the water 
of Lake Nakuru was turbid and green probab1y due to the abundance 
of a1gae. 
Tap water showed various chemical characters which reflected its 
water source. For example， the tap water of Homa Bay Hotel showed a 
chemica1 composition simi1ar to that of the water of Lake Victoria. This 
1ake may be the source of the water for this hote1. 1n this respect， the 
source of the tap water for Lake Baringo C1ub may be the 1ake. 
On the other hand， the source of the tap water of Mid1and Hote1 
(probab1y tap water of Nakuru town) may not be Lake Nakuru， because 
the nature of the tap water is different from that of the lake water and 
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the lake water is not suitable for drinking because of its highly sodic 
nature. 
The chemical quality of the tap water in Nairobi was simi1ar to 
that of Chania River in its low content of electrolytes and in the rates 
of its chemical components. This suggests that much of the water 
source is dependent on the Chania river. But， the tap water in January 
1984 which was collected to examine the nature of the turbid tapwater 
showed different characters， i.e. the contents of calcium and magnesium 
were nearly twice as high though that of sodium had decreased. That 
is， the chemical quality of tap water in Nairobi changed when the water 
was turbid in early 1984. 
The tap water of Jomo Kenyatta College of Agriculture and Tech-
nology， underground water from a depth of a few hundred meters， 
had a relatively high electrolyte content owing to the high sodium and 
carbonate contents though the contents of calcium， magnesium and potas-
sium were not so high. 
When the water has an electric conductivity of more than 1，000 
micro s (micro mhos)， the use of water for irrigation is generally 
limited (e. g. Foth， 1978). In this respect， Kenyan waters in general are 
satisfactory for irrigation except waters of the two sodic lakes examined 
here， unless the water contains some poisonous substance (e. g. boron)， 
or the amount of water used is so much that the total salt content of 
the water increases considerably. 
SUMMARY 
To evaluate water quality for use in irrigation or as tap water， 
nearly twenty samples of Kenyan waters were collected and analyzed 
chemically， and the average quality of the natural avai1able waters in 
Kenya was calculated for agricultural use. 
Although components to be analyzed and distribution of sampling 
sites were somewhat insufficient， the results were as follows. 
1. Upstream waters were generally low in salinity as can be seen 
in waters of Tana， Chania， Ndarugu， and Thiririka Rivers. Whi1e， 
waters of downstream had a generally high salinity as seen in waters 
of lower Athi (2) River. 
2. It is in teresting tha t the wa ters of Lakes N aivasha and Baringo 
were fresh， whi1e those of Lakes Magadi and Nakuru were sodic， even 
though they are situated commonly in the Rift Valley and have no 
out-flowing ri ver. 
3. Except for upstream waters， natural Kenyan waters were al・
kaline， and carbonate contents in these waters were considerably high. 
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4. The content of calcium in natural Kenyan waters and of mag-
nesium in river waters was generally lower than in other countries. 
5. The sodium content of Kenyan waters in general was not so 
high as compared with other countries. 
6. The potassium content in the natural available waters in Kenya 
was much higher than in the waters in other countries， and the average 
content was more than 8 ppm. 
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